aBstract development of ecosystem-based fisheries management models depends, to a large extent, on the availability of trophic interaction data. These models could address ecological questions, examine ecosystem trophic structure, and be used in placement analysis for marine protected areas, among other uses. many studies on fish trophic interactions have been conducted in the gulf of mexico over the past 120 yrs, and we are currently compiling data from these studies into a database. here, we report on a collection of 747 references, investigate spatial and taxonomic distributions of the fish species examined, and identify data gaps. metadata lite, a condensed version of customary metadata that answers the who, what, where, when, and why, has been collected on all studies, all references have been geocoded, and habitat characterizations have been standardized using the coastal and marine ecological classification standard for about 60% of the references. Visualization tools and products to assist in the synthesis, analysis, and interpretation of the data, including maps, network depictions, and dynamic interactions, are discussed. a survey of trophic data available for fisheries management models for managed species in us gulf waters appear to be adequate for at least 23 of 50 of managed species, while data for at least 14 species remain insufficient for model development assessment.
data. Vidal and pauly (2004) combined the results of ten regional ewe models (see Vidal and pauly 2004 for references) into a single gulf-wide model. since then, ewe models in the gulf have been developed for mobile Bay, alabama (d evans, noaa, pers comm), Weeks Bay, alabama (althauser 2003) , galveston Bay, texas (sutton and guillen 2009), and the west florida shelf (mackinson et al. 2001, okey and mahmoudi 2002, okey et al. 2004) . ena has been used to model food webs in the florida everglades (heymans et al. 2002) , while two atlantis models are currently under development in the gulf of mexico (c ainsworth, university of south florida, pers comm). a critical concern for all the above cited trophic models is the lack of detailed food habits data.
We argue that historical marine fisheries trophic interaction data must be preserved in perpetuity for the purposes of scientific research, development of fisheries management metrics, and our intellectual heritage. as such, we review and compare the status and structure of extant regional marine trophic fisheries databases around the world. We review the recent move toward ecosystem-based fisheries management and the important role that trophic data play in that movement. We describe the structure and status of the gulf of mexico trophic database, including the results from a pilot study using the coastal and marine ecological classification standard (cmecs) to standardize habitat information, and a gulf geospatial assessment of marine ecosystems (game) metadata lite project. finally, we present results from an examination of the taxonomic gaps in the fish species with trophic data compared to the overall taxonomic structure of fishes in the gulf, provide examples of our first attempts to visualize the data, and examine the status of integrating trophic data from the gulf trophic database into the fisheries management structure of the gulf of mexico. our overarching goal is to address the integration of trophic data into fisheries models and management through preservation, visualization, and interpretation.
preservation of historical data understanding marine ecosystem phenomena such as the shifting baselines syndrome (pauly 1995 (pauly , pauly et al. 1998 (pauly , dayton 2004 (pauly , Jackson et al. 2001 (pauly , 2011 , trophic cascades (myers et al. 2007) , and the effects of climate change on species diversity (Jackson et al. 2001 ) requires long-term historical data (myers 2000 (myers , Zeller et al. 2005 . historical trophic data sets provide: (1) time series and spatial data used in ecosystem modeling, (2) diet composition and diversity data, and (3) historical food web structure and trophic relationships in ecosystems altered long ago. But these data are very scattered and difficult to find and access, making it challenging to arrive at broad, scientifically supportable conclusions. Thus, there is a pressing need to archive, disseminate, and synthesize marine trophic data to understand and deal with massive anthropogenic perturbations (i.e., overfishing, habitat destruction, invasive species, pollution, climate change) that are currently occurring in the world's marine ecosystems. data recovery and distribution are valuable contributions to ensure long-term returns on funds invested in data gathering. data loss occurs for many reasons, ranging from poor planning to major political and social disruptions, to catastrophic events (matthews 1993) . data that appear uninteresting or unimportant today may be a gold mine for future scientists (Janzen 1986 (Janzen , pauly 1992 ; it is also often a misperception that entities other than the public are the owners of marine trophic data, though these data are largely collected using state and federal funds, and despite the opinion that marine resources are the "common heritage of mankind" (russ and Zeller 2003) .
marine trophic interaction databases
We have located six extant regional trophic databases (table 1) throughout the world: three in the us, two in europe, and one in antarctica. in the us, two large databases are collected and managed by noaa nmfs science centers in Woods hole, massachusetts, food Web dynamics program (fWdp; http://www.nefsc. noaa.gov/pbio/fwdp/fWdp.htm), and in seattle, Washington, resource ecology and ecosystem modeling (reem; http://www.afsc.noaa.gov/refm/reem/). The chesapeake Bay trophic interactions laboratory services (ctils) database is a smaller effort (parthree et al. 2006) . in europe, two food habits database efforts in the north sea region include an integrated database & portal for fish stomach records (dapstom) food habits database (http://www.cefas.defra.gov.uk/our-science/fisheries-information/fish-stomach-records.aspx; pinnegar and platts 2011), and the international council on the exploration of the sea (ices) food habits database. in the southern ocean, the australian antarctic data center manages a trophic database which includes fishes, sea-and shorebirds, marine mammals, and squids. The British antarctic survey manages the scotia sea foodWeBs project in antarctica, which is synthesizing diet data from previously published studies.
an examination of table 1 reveals a great heterogeneity in the reporting of trophic data and associated environmental and habitat data in these databases. in general, most of the databases report similar cruise and sampling information, while data on predator and prey are more varied. environmental and habitat data are generally not reported, or under-reported. all but one of the databases indicate that their data are publically accessible, and about half of them are still actively collecting new data.
While not being strictly a trophic database, fishBase (froese and pauly 2008), which currently has a wide array of published information on more than 30,000 fishes, also includes diet and feeding habits data. While trophic level is provided for over 8100 species, detailed data on food habits of fishes from multiple locations in the gulf of mexico ecosystem are not provided.
ecosystem-Based fisheries management
The general failure of single species fisheries models and management strategies led to an increased call for multi-species models in the late 1980s, and ecosystembased management since the 1990s (nmfs 1999 , sherman and duda 1999 , rogersBennett 2001 , Busch et al. 2003 , garcia et al. 2003 , pew oceans commission 2003 , christensen and pauly 2004 , pikitch et al. 2004 , us commission on ocean policy 2004 , nrc 2006 . common to these reports is the stated need to better understand the food and predators of commercial fish species and their prey items as part of an ecosystem-based approach to fisheries management.
over the past 5 yrs, movement toward ecosystem-based fisheries management (eBfm) has increased dramatically, as the amount of literature published indicates (leslie and mcleod 2007, crowder et al. 2008, ruckelshaus et al. 2008, curtin and prellezo 2010, fletcher et al. 2010, samhouri et al. 2010, tallis et al. 2010) . in response, 5 WTgr = water temperature at the sampling gear, WTsurf = water temperature at sea surface, WTbot = water temperature at sea bottom, WT = water temperature, Sal = salinity, DO = dissolved oxygen, pH = pH, WS = wind speed, WD = wind direction, Wea = weather, AT = air temperature, SS = sea state. [1985] [1986] 1991 No North Sea, Baltic Sea the us has funded four regional management councils to establish ecosystem science and statistical committees (essc) to assist in the move toward eBfm. These committees were charged with exploring and pursuing approaches toward the implementation of ecosystem-based approaches in their respective ecosystem. The move toward eBfm in the gulf of mexico began in earnest in 2004 when the gulf of mexico fisheries management council (gmfmc; http://www.gulfcouncil. org/) was awarded funding for an essc. some of these efforts have used ecosystem models such as ewe (pauly et al. 2000 (pauly et al. , Walters et al. 2008 or atlantis (smith et al. 2007 ) to assist in unraveling the complexity of the science and social aspects of the ecosystem. in the gulf, this approach has included citizen surveys to get a sense of the interest and understanding of the public toward ecosystem-based fisheries management, committee meetings, and modeling workshops.
the gulf of mexico trophic interaction database database architecture development a database architecture includes two components: (1) representation of reality, and (2) organization of data. The first component concerns which concepts or objects need to be represented in the database and how to most effectively represent them in database models. Because we propose to integrate spatial and temporal information for trophic interactions and represent spatial and temporal characteristics of fishes and habitats, we need to represent spatial and temporal characteristics of the identified concepts or objects. for example, the foraging range of a species can be represented as a polygon feature in a database. The representation should also include spatial foraging traits to support queries and analyses of variations in foraging ranges over space and time and comparisons among species. The second component addresses how different sets of data, such as species data, habitat data, sea surface temperature, management zones, etc., should be organized in the database to support modeling efforts that relate multiple variables to derive new understanding or forecasting. Both components of data representation and organization need to account for complexity and diversity of ecological systems and the nature of potential data sources. Because our approach to data representation and organization centers on these complex system processes and ecological interactions, and accounts for data heterogeneity at multiple resolutions, our spatio-temporal database architecture is general and will be transferable to other ecological domains.
geographical Boundaries and taxonomic constraints
The food habits data encompass all marine waters of the gulf of mexico, and estuarine waters of the united states, mexico, and cuba. The taxa to be considered for the database are those that inhabit the gulf region and its waters for at least part of their life cycle. table 2 lists the major taxonomic groups planned for inclusion in the database and the current status of the data search. fishes that occur both in brackish/marine and fresh waters are reported during the brackish and marine portions of their life cycle. seabirds and shorebirds that migrate into and out of the area will only have the portion of diets reported from the gulf region included in the database. in rare cases where diet data are from both the gulf of mexico and other areas (i.e., the atlantic ocean or caribbean sea), and cannot be separated, the data will be so tagged. The current focus of the project is on fishes, but all taxa listed in table 2 will be included as time and funding allow, and other taxa not presently in table 2 (e.g., chaetognaths, sponges, echinoderms, etc.) will be considered for inclusion in the database at a later date. data sources, acquisition, and Quality assurance
The reporting of trophic data in the gulf of mexico is very disparate and nonstandard in format. While we are attempting to standardize the data as much as possible (converting all measures to common units, converting names to a common usage, etc.), this will not be possible in many cases. in an attempt to preserve as much data as possible, we are including a large number of parameters for both the predators and prey. all organisms will be recorded to the lowest taxonomic rank reported. This level of detail in the data preservation will allow users to customize their output data for analyses by size, season, location, or other parameters. data are being extracted from peer-reviewed articles in the primary literature, government reports, dissertations and theses, abstracts, proceedings of meetings/ conferences, electronic databases, and unpublished material. intellectual property rights of copyrighted material will be preserved through permission, when necessary. detailed spatial context of the data has been preserved through maps, names, coordinates, or descriptions of sampling locations. a number of electronic data sets have been identified for inclusion in the gulf trophic database (table 3) . locating and obtaining access to additional digital databases will be an ongoing process and a priority for the foreseeable future.
spatial data are documented with the federal geographic data committee (fgdc) Biological profile (http://www.fgdc.gov/), habitat data follow the coastal and marine ecological classification standard (cmecs; http://www.cmecscatalogue.org/docs/cmecs_doc.pdf), and metadata made available through the fgdc clearinghouse activity (http://www.fgdc.gov/dataandservices/clearinghouse_qa-nda). The database schema will follow the ecological metadata language (eml), an xml-based metadata specification, and oBis schema ( fig. 1 ). as part of this process, we are developing metadata standards for data from trophic studies. We are using darwin core (http://www.tdwg.org/activities/darwincore/) to define as many of the fields as possible to maintain compatibility with other databases currently using darwin core (e.g., fishBase and oBis), and we expect to define new darwin core fields for trophic data. The following information, including metadata, is being extracted from each data source, when provided:
• source-author, date, title, publisher, book title, journal article title, etc.
• location-geopolitical places (country, state, region, etc.), geospatial areas (tidal river, estuary, continental shelf and slope, abyssal realm), geographic coordinates.
• date and time-year, season, month, date, hour.
• habitat-ecoregion, system, water column, geoforms, substrate, biotic communities, etc.
• methods-sample collection method, sample preservation method.
• predator-number of predators, predator weight, predator length, number of stomachs examined, number with food, percent fullness, taxonomy, etc.
• prey-presence/absence, number, percent number, volume, percent volume, biomass, percent biomass, frequency of occurrence, percent frequency of occurrence, taxonomy, etc.
The gulf of mexico trophic interaction database is being developed to be compatible and extensible to extant database projects and programs (see fig. 1 ). This will allow for data and format sharing to achieve the maximum accessibility and usefulness of the trophic data, and add value to the existing databases through pre-planned links. The vision is that the structure, methods, and tools will be extensible to other large marine ecosystems. The extensibility and transportability of the database model is important to support the development of similar databases globally.
The data will be freely accessed through a graphical user interface, and a map based interface on a publicly accessible website that will be announced in spring of 2013. a beta test version of the database was launched in fall of 2012 for input and testing by a small group of volunteers. database users will be able to query the database by prey, predator, or location, and will have a choice of including downloads of differing categories of data (e.g., predator data, prey data, location information, collection methods, sample preservation methods, and the reference citation information). file formats for data downloads are expected to include comma-separated value (csv), excel, and shape files. Table 3 . Investigators, number, and types of ecosystems they sampled and data on the volume of food habits data present in their hard copy or electronic database. All information was acquired through personal communications with the investigators. coding the coastal and marine ecological classification standard (cmecs) The diet of an organism is in large part influenced by the habitat in which it resides or that of its feeding grounds. for fishes, under provision of the magnuson-stevens fishery conservation and management act of 1996, it has been mandated that these areas be classified as essential fish habitat (efh). in addition, it has been suggested that important food web relationships be considered efh (Thrush and dayton 2010) . until recently, there were no comprehensive and standardized classification for estuarine and marine habitats, but this is being remedied by the coastal and marine ecological classification standard (cmecs).
The cmecs system provides a uniform protocol for identifying, characterizing, and naming ecological units to support activities such as monitoring, protection, and restoration of biotic assemblages, protected species, critical habitat, and important ecosystem components. cmecs at its highest level classifies a habitat into an ecoregional context (spalding et al. 2007 ) and into one of three systems: marine, estuarine, and lacustrine. There are up to four components (Water column component, Biotic component, substrate component, geoform component) used to provide further detailed information.
We conducted a pilot study to unify codification of habitat data in the numerous trophic references using cmecs (yuan et al. 2010) . approximately 60% of the references in hand at the time the project was undertaken were coded. in many cases, habitat information is included in the reference material or it can be inferred from the study, or from a reference cited therein. however, the detail, clarity, and consistency of these data vary. The inconsistency issue entailed extracting all relevant habitat information reported in the document and adapting those descriptions to the cmecs terminology. Queries have produced lists and maps of trophic studies that include a particular habitat types ( fig. 2 ). metadata and gulf geospatial assessment of marine ecosystems (game) metadata records have been created for 747 references from a bibliography of food habits of fishes for estuarine and marine environments of the gulf of mexico (simons et al. unpubl data) . metadata were generated using the gulf game survey tool that allows records to be entered through a user friendly interface (http:// research.myfwc.com/game/survey.aspx). These records were incorporated into the gulf game catalog and are available online for search and retrieval (http://research. myfwc.com/game/search.aspx). The game identification number generated for each reference will be cross listed in the gulf trophic database. The catalog stores metadata "lite" (i.e., only the minimal mandatory fgdc elements are captured) and records are fgdc concurrent. The efforts allow archiving for long-term persistence of information that previously had no attendant metadata. also, information is easier to discover since the majority of the bibliographic references upon which the database will be built are not available online.
analyses and future directions taxonomic gap analysis as most of the effort to date has focused on trophic data of fishes, this gap analysis accounts only for fishes. The taxonomic coverage of fishes in the gulf trophic interaction database was compared to the gulf of mexico biodiversity database (mceachran 2009) located on the gulfbase website (http://www.gulfbase.org/). There are 1541 fish species reported in the gulf biodiversity database compared to approximately 762 fish species in the gulf trophic interaction database, of which 143 do not appear in the gulf biodiversity listing. These missing species are primarily fresh and brackish water species that were collected in upper reaches of estuaries.
There are four classes of fishes (myxini-hagfishes, petromyzontida-lampreys, chondrichthyes-sharks, skates, and rays, actinopterygii-ray-finned fishes) in the gulf of mexico. The myxini and petromyzontida are not represented among the food habits studies compiled to date for the gulf, while both the chondrichthyes and actinopterygii are well represented in the database.
There are 44 orders of fishes in the gulf (mceachran 2009), of which seven [myxiniformes (3 species), petrozontiformes (1 species), saccapharyngiformes (1 species), ateleopodiformes (2 species), polymixiiformes (2 species), stephanoberyciformes (22 species), and Zeiformes (8 species)] are not represented in the gulf trophic database. These orders are generally not very species rich and, except for the myxiniformes and petrozontiformes, tend to be deep-sea inhabitants. none of these orders include commercially or recreationally important fish species. mceachran (2009) lists 236 families of fish in the gulf of mexico, 100 of which are not presently represented in the gulf trophic database. four families of fish in the gulf trophic database are represented by more than 20 species (number of species in the database is given in parentheses): serranidae-sea basses and groupers Figure 2 . Plot of habitat system types as interpreted from the trophic data references for the CMECS pilot study. These data are from approximately 60% of the total references collected to date.
(44), melanstomiidae-scaleless dragonfishes (27), carangidae-jacks (22), and sciaenidae-drums (22). There are an additional 13 families that are represented by 10-19 species.
exploring gulf trophic data through Visualizations a function of ecoinformatics is to extract information from large ecological databases (Jones et al. 2006 ). a chief mechanism toward this end is visualization (Kelling et al. 2009 ). This can be accomplished for species occurrence data by web services such as lifemapper (http://www.lifemapper.org/), aquamaps (http://www. aquamaps.org/), and oBis (http://www.iobis.org/), where users can identify biodiversity hotspots and large-scale ecological patterns, analyze dispersions of species over time and space, and predict species' locations using environmental correlates such as temperature, salinity, and depth. at larger scales, visualization of food web topology using network3d (yoon et al. 2005 ) provides a better appreciation of the web's complexity although not necessarily an understanding of trophic interactions and structure.
Location of Studies.-When provided by map or geocoordinates, the sampling locations for food habits studies in the gulf have been digitized into the database, while those with general descriptions are defined by "fuzzy" polygons. figure 3a shows the location of all of the individual sampling stations from the 419 references that provided them, either by geocoordinate lists or maps. in total, 747 of the studies are represented by a centroid, and some widely dispersed studies are represented by multiple centroids (fig. 3B) . each study examined a widely varying number of fish species (1-81), with approximately half (347) examining a single species. The majority of studies have been conducted in estuaries (about 525) and on the continental shelf (about 190), while very few have been conducted on the shelf slope/rise and the deep sea (7), or the mesopelagic realm (7).
Trophic Webs.-as with many ecological data, these gulf of mexico trophic data are very heterogeneous. The challenge is to integrate these data into a single, coherent, and usable database. We have broken the process down into five overlapping phases: (1) data acquisition, entry, and quality assurance, (2) normalization, (3) integration, (4) transformation, and (5) analysis (and visualization).
We have begun to work with several data sets to explore methods and software available to accomplish the above tasks, and will eventually provide web access to:
1. digitized raw trophic data derived from source material such as excel spreadsheets, graphs, scans of notebooks or digital pictures of publications, 2. computer programs (e.g., gephi, network3d) that transform these materials to a normalized and integrated research data set, 3. computer resources to normalize and integrate the raw data source whenever the conversion programs are updated or new raw data sources are acquired, 4. a comprehensive normalized trophic data set that was generated by (3) above, in open, non-proprietary, formats such as csv, and resource definition format (rdf), and 5. a list of links or references to studies, papers, research, and/or computer programs to make use of provided resources. The primary scope of this project is to provide access to a rich set of trophic data. an example of the use of a normalized trophic data set in an open, non-proprietary format can be seen in figure 4a , where prey and predator species interactions are visualized using a force-directed placement graph (fruchterman and reingold 1991). The node size is proportional to the number of measured species interactions for that particular species. The graph was generated using gephi 0.8 alpha (http://www. gephi.org; Bastian et al. 2009) . other examples include the use of neo4j (http://neo4j. org), a graph database, gremlin (http://gremlin.tinkerpop.com), a graph traversal language, and dbpedia.org to analyze complex relationships between normalized entities such as taxa (species, genus, family) across geospatial, temporal, and interaction (e.g., predator-prey) dimensions (fig. 4B ). These two examples provide a glimpse into the potential of providing easy access to a comprehensive, normalized, integrated trophic set to accelerate scientific discoveries without having to invest scarce research funds for extracting species from their habitat.
Simplified Complexity.-in addition to the science of synthesizing and analyzing the trophic data from the gulf trophic interaction database is the need to present this complexity in a simplified, yet meaningful fashion to resource managers, educators and students, and the public. to some extent this is accomplished through the concept known to nearly everyone as the food chain or food web. yet, these are often too simplistic and are usually not field-specific. What is needed are concepts, diagrams, and models that are specific, simplified, and can be used as a tool to understand the concepts and the implications of management decisions on the fate of the species inhabiting the systems of interest to the weekend fisherman or the regional, upperlevel fishery manager.
We are developing tools to meet these needs. one important aspect in this endeavor is the question of scale. trophic interactions occur and have ramifications at many different temporal and spatial scales, and it is important to capture this in any attempt at rendering the issues in figures or models. one example of how this plays out can be seen in figure 5. at a very local level on the scale of a few meters to tens of meters, we see a bonnethead, Sphyrna tiburo (linnaeus, 1758), consuming a blue crab, Callinectes sapidus rathbun, 1896. This is a very specifically defined single trophic interaction. at larger scales, from tens to hundreds or thousands of meters, e.g., landscape scale (polis et al. 2004) , the diagrams become complex, spatially oriented food webs, and these can have different topologies depending on the habitat over which they occur, e.g., spatial food webs (holt 1996) . Then finally, at the scale of the entire gulf, thousands to hundreds of thousands of meters, we see patterns, e.g., the marine trophic index (pauly and Watson 2005) , that are the cumulative result of millions to trillions of trophic interactions that have occurred at smaller scales already described.
in formal education settings, science classes are rapidly evolving to include more research projects that use authentic data (nrc 2007, aaas 2010) . as educators look for ways to leverage this trend, there is a strong need for verifiable resources that provide both data and the necessary tools for further data collection and analysis. to help meet these needs, the gulf of mexico trophic interactions database described here will serve as one source of data for a new initiative currently underway in partnership with the encyclopedia of life (eol: eol.org). While eol provides a growing database of curated information about all species on earth, the project's learning (B) is a subgraph from the data used in (A) above that represents normalized and integrated entities including but not limited to species, genus, family, location, study, specimen, and season, and associated entity relationships such as "ate," "collected," "caught during," and "classified as." The figure was generated using an open-source, interactive, graph traversal.
A B
and education working group is also developing an online species interaction visualization tool that will provide an environment for adding and exploring species interaction data sets (http://education.eol.edu). These types of inquiry driven challenges hold the possibility of changing how students view science and, it is hoped, will encourage a greater number to consider a career in science.
use of database for fisheries modeling and management numerous agencies and councils that monitor ecosystems in the gulf of mexico are attempting to move toward an ecosystem-based approach to fisheries management. however, access to data to perform vital tasks is often insufficient or unavailable. approaches that have been explored by the gulf council essc include examination of modeling methods, in particular, ecopath with ecosim (christensen et al. 2004 ). These models have been developed to explore the system responses to the effects of differing management options with regards to issues of specific concern to the gulf council. an ecopath model has been developed for the whole gulf (Walters et al. 2008) , modifying an existing model from the west florida shelf (mackinson et al. 2001, okey and mahmoudi 2002, okey et al. 2004) . during evaluation runs of the model at a workshop, it became evident that there were unexpected results, and that the trophic data of target fishery species, upon which the model is heavily dependent, were inadequate for many of the species in the model, or for selected life stages; for example, it was unknown what preyed on especially critical life stages of juvenile red snappers, Lutjanus campechanus (poey, 1860).
The gulf of mexico fisheries management council (gmfmc; http://www. gulfcouncil.org/) manages 50 species of gulf fishes under three different fishery management plans (table 4), while the gulf states fisheries management commission (gsmfc; http://www.gsmfc.org/), manages eight fish species under the interjurisdictional fisheries (iJf) management program, with management plans for seven species currently under development (table 5) . an examination of available trophic data for the gulf indicates that there are no references for five of the 42 reef species managed by gmfmc: Etelis oculatus (Valenciennes in cuvier and Valenciennes, 1828), Lutjanus buccanella (cuvier in cuvier and Valenciennes, 1828), Caulolatilus cyanops poey, 1866, Lopholatulus chamaeleonticeps goode and Bean, 1879, and Seriola zonata (mitchill, 1815), and only one reference is available for eight of those reef species (table 4). for four of those eight, the only information on diet is from Veracruz, mexico. fourteen of the reef species have at least 10 references. all but one (Alosa alabamae Jordan and evermann, 1896) of the species currently managed by gsmfc has at least three references to trophic data while 11 of the 15 species have 10 or more references (table 5) .
We are currently working with the noaa gulf integrated ecosystem assessment program to populate the gulf trophic database with diet data for critical functional groups (i.e., benthic feeding sharks, small sharks, large sharks, and deepwater fishes), and other selected species (i.e., greater amberjack, black drum, yellowfin tuna, little tunny, and blue and white marlin) that lack adequate data. These data will be used to parameterize atlantis and ewe models currently under development by the university of south florida and florida Wildlife research institute, respectively. These modeling efforts are an important step toward eBfm.
conclusions There are intellectual and practical reasons for preserving historical and currently produced trophic data for organisms in the gulf of mexico. While this task is difficult, it is, without question, of great value. in addition, there are a scant few trophic databases worldwide, and these are primarily focused on commercially harvested species. furthermore, fishBase, which is an excellent source of information on over 30,000 fishes worldwide, does not have the level of detail on food habits of organisms in the gulf of mexico needed for spatial trophic models or for network research.
The move toward ecosystem-based management has also pressed the need for detailed trophic data for the construction of models. This need has been urgently expressed by several researchers seeking trophic data for fisheries models of the gulf of mexico (d chagaris, florida Wildlife research institute, c ainsworth, university of south florida, pers comm). lack of easily accessible data slows the model building process, and it injects variability into the sources of data used in the different models. We point out that while there is ample data for many of the species currently managed by gmfmc and gsmfc, there are some species for which data are weak or lacking altogether (tables 4 and 5). The value of the gulf trophic database will be in creating access to a common data pool for use in fisheries management models plus the ability to target data collection efforts on species lacking strong data.
The gulf trophic database is nearing implementation. it will be web-based, freely accessible to the public, bilingual (english/spanish), trinational in scope (cuba, mexico, united states), spatially explicit, and cover the entire gulf of mexico from the estuaries to the deep sea. at present we have references to data for more than 700 species of fishes, and will be adding data on other taxa as indicated in table 2 as time and funding permit. our data distribution maps ( fig. 3a,B) show the wide spatial coverage of the data, but also indicate areas where more data is needed (e.g., the deep sea). in addition, through the use of cmecs (endorsed in the spring of 2012 as the fgdc standard for marine habitat classification), we will report all habitat data, when available, in a common format. currently metadata "lite" for all 747 references to food habits data that are being used in the construction of the database are online in the gulf game catalog. a taxonomic gap analysis revealed that nearly half of the fishes listed for the gulf of mexico in the gulfbase (http://gulfbase.org/) biodiversity database will be represented in the gulf trophic database when all currently held data are loaded. This analysis also identified seven orders (of 44) and 100 families (of 236) of fishes without any data (many are deep sea taxa), while it shows that taxa which are commercially or recreationally important (e.g., serranidae, carangidae, sciaenidae) are overrepresented in the list of fishes for which we have data.
Visualizations are a critical tool toward exploring patterns and gaining an understanding of data in large databases. We have just begun this exploration. simple visualizations of the spatial extent of the data are very helpful in ascertaining the spatial gaps that may be present in the database. We have begun to investigate the complexities of the data through the use of gephi, gremlin, and network3d to explore patterns in trophic structure with data containing thousands of trophic interactions. and we are working with researchers at eol to explore dynamical links to food webs to access data rich content provided by eol in order to explore educational uses of the gulf trophic database.
as we move forward with this project, we envision an opportunity to create a model database architecture that could be modified and adapted to other lme's around the world. With this in mind, we are anticipating the creation of metadata standards for trophic data, and development of new data fields for the darwin core in regard to trophic data. We also see the development of a web of dynamic links to the web pages of data providers, data users, and informatics resources.
This manuscript was inspired by the theme, "species interactions in marine communities: the invisible fabric of nature," of the recent fisheries ecology symposium at mote marine laboratory. We can think of no more important invisible fabric than that of the tangled web of trophic interactions that weave the organisms of the gulf of mexico into a dynamic ecosystem. The field of ecology in general has been slow to join the realm of large databases and ecoinformatics (michener et al. 2002 , costello and Vanden Berghe 2006 , Jones et al 2006 in the way that the molecular biology community has embraced genBank (http://www.ncbi.nlm.nih.gov/ genbank/), many other interaction databases, and bioinformatics. We thus urge scientists around the gulf of mexico to join the effort to create a species interaction database for the gulf. With the combined records of these thousands to millions of trophic interactions that we are building into the gulf trophic database, scientists, managers, students, and the general public will be able to explore data and ask questions about trophic network structure of the gulf of mexico large marine ecosystem that currently are not possible.
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